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(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain desired optical 
characteristics (such as phase difference and 
transmittance) with good reproducibilny by 
incorporating a specified ami of nitrogen atoms into a 
silicon carbide nitride film. 

SOLUTION: A silicon carbide nitride film containing «20% 
nitrogen atoms in the film is produced on a transparent 
substrate 1 by reactive sputtering in a mixture gas of 
argon and nitrogen by using a target essentially 
comprising silicon carbide. Thus, a halftone phase shift 
mask blank is obtd. Then a resist is applied on the 
shift mask biank by a spin coating machine to form an 
electron beam resist layer 3 , on which a specified 
pattern is drawn by electron beams and developed to form 
a resist pattern 3a having an opening part 4. Then the 
halftone phase shift biank with the resist pattern 3a 
formed is patterned by dry etching. Then at last, the 
resist pattern 3a is peel-processed to obtain a halftone 
phase shift mask having a translucent pattern 2a of a 
silicon carbide nitride film. 




-1- 



(19)B*a»fF/r CP) 



(12) £± 



#iffl0-48805 

<43)&K5 ^10^(1998) 2 ^20: 



(51)inLCl. s 
G0 3F 1/OS 
H01L 21/027 



F I 

G 0 3 F 1/08 
H01L 21/30 



A 

5 0 2 P 
5 2 8 



S£St# ;fc»3R n$4!®K2 OL (4 5 1) 



<2I)fflI§#^ 
(22)mSSB 



»KT8-200316 

¥£8^(1996) 7£30E 



(71) HilBA 000003193 



(54) [58WO*#] A- 7 I >m&fti/7 hV7^77>^WA-7h->I&fii/7h77>7 



(57) [gift] 

[fBft^g) 89!£fi 1 ±©*89M 2 #&Sft!iSRflj 

^6£&^-7 h->S}{£t§v7 h^7^7'7>^££>' 



(c) 



(d) 



/3a y4 ^3a 



-2a 
-1 



IfBPF- 1 0 - 4 o 8 C f: 



&>7 r"7.^"T>^ c 

inxm : aww^;:^(tg*«*> 6& s*a« 

^ ^;^->|roTt: o ^-7 r-^S&tBi^^ 

£ t> 2 0 *'ofcLhS£ n't- S C £ ^r^M h 
->S14tS^7 h^7? c 

[0001] 

5^-7 h->S(£fgv7 ^7'7>^&!>Vw;7 

h->S(5^v7 F -7 7^ oamiBS T © 4> or* & . 

[0002] 

[ 0 0 0 3 ] ^cr. BftTS/^->*38«T5!aK 
*<D{&tBS£5:i>5C 1 8 0E<tt-£C£CCj:9iSlffl^* 

iS^Hi/f L^F^O^? IB, tttB^SIEL/T^S/cfetc 

[0 00 4] ±IE© J: 5 7 hi£& I BMOL e 
v e n s o n6tC«t-3"CfiPac*l t 1$HB3 5 8-173 
7 4 4^&«-W$&B36 2 -5 0 8 1 1 -^£«CCE*£S 

[0 00 5] tS#0<t^t3»»?:^x.S{ttB^7 

h->H£firfS. co&ffiiaz^m 



-7 

I U 0 0 C : -'^-7 r->S2fit-B^- rl5a5:s:. mri\t 

mss ®mmmmfam¥*i*9nm 2 ym P 5 3 5 . 2 

Bp-zc-3 ( 1 9 £ 1 ) C:i*^6rTC^c e {2t§:> 
7 p»ft?:t^::To/:6i::t fStB^~ rtr ] 8 0 

' : i^Ss ia- c :o/:^::;5:d = A/ (2 
(n-i ) } - \6[tm^y ximim 

10 [0 0 0 7] 04 ( a ) l-:fi!3fc<D^-7 h->^(if^> 

7 h^z^7'5>^R^ : (b ) c-affi*©^--7 b-> 
sfiztB->7 h-^^*7sufc e H4 (a) izmzmmi 

1 0xC S£*©*a?aii 1 2 *gS:W /::{£*§:> 7 Fta 
^77>^T&0 4 14 (b) itfe%:(D^Mtym 1 2*r 

^^-><tor*a9B^'^-> 1 2 a^JScOfcatB^ 

7 h-^7s£T'£>o 0 

[0 0 0 8] CO^aSBJBl 2iora. TaS i{t£ 
S(TaSiO, TaS i N, TaS i ON) . C r ft 
£«5(CrO. CrN, C r ON) . M-ft^ft^ 
20 (S i CO) ti^&a,, UEfi£3R©^S?§)Br*ST 
aS ift^tlK. ^7C7tT ^>oX^^-7U-if- -^ft^ 

«t-*5 R c a jgffisor ju^7 y jgffitcSj- brcD^^ 

[0 0 0 9] C r{t£ttC-J, SlStt*'^*ffl^-Cl5SlR-r 
100 10] ^tc/»^(tir^3R (S i CO) R(C«5 

^raiasiatBSoit^tt^iaBscciiB/i-rc its^i 

[00 11] 

TaSiOE T a S i NR T a S i O NBtiiH* 
40 14. MfoBttr. CrOE CrNI. CrONI. S 

i c omtmmmoft^$&wmte^m®&T. $ *> ic 

[0012] *|£?8(iti±<DJ: 9 fcPpm£iC»g LT 
OTt^f#t4 (firffl^. ai§^) #IPlttil< f#6ftoJ; 

?tcor. gfBg4^^->B^^i^^-7 h-> 

50 [0013] 



4#K!S- ] (i - 



[ IffiE* «ft r 5 :r #Q=e : ^& s £ : ; ^ T .HERE 
±0=igBJ!JBA->*gf UI«B3» h- >mz 

^WmcTZ^-v h->S(£t§>'7 

[o o i 4 ] »3RJg2-::*>^T:-s. g?BS<£±«: 
ptMibrlSB^ 6&£4^3Jl~^*£-->fb L- r^o-^ 

iroiSe? ;•: M^JI^ 2 o »stl±g * ft t c * o z £ £ 1? 

fee, 

[0015] 

10 0 16] xmiiz* gswbgjR (s i cn) mz* 
«:«TK^r. sr. *awiB?*s^{MisRB<wfc 

SSfttttifittlS* : 1 8 01 S«ST : 5 - 1 5%£ 

SST) £BJId£*«SrSfc8!>lCE-i. H2©S«S©i5ffl 

lltCSg^k^^L/:^OT'. i§i®^15%£g$ 
§ 5 %<D 2 ft^or B 1 CC® fff $ n £ SOEfStt k i$K £ 
£. -€-OR:-i(fifflSl 8 0gtDB#tc. gj§^5- 1 5% 

[0018] S i C (KibSSR) ££*&#£ bfc 

cc«fc ^" 7 £ <c<£ 0 »BJISfi±tc gJSfbgSB 

^77>>7^ ( CCT\ j^b:i^BCDB*<DsS 

IsTOaWI^ 2 0 % OTOtt^r 2 4 8 n m T'CD j§i® ^ 

[ 0 0 1 9 ) C(b^-7 h->SS(St§^7 



IB *7r;Sc u . C^ffiS® . *SL&. . K r 4 - 7 ? > £ . U 
v 7. r fti] jBSPO— iS© ' i £ - - > £ 7 D -tr X £ T / > - 
7 r - >Sl2t§> / 7 c6C~. StMfbJH 

SBOB^ossiST-siifi^ 2 0 %ti±;:fc -r ^ s 

ta*. ^6n/c^-- r->Set*g^' h-?7,^OiStS 
[0020] 

10 [RieWi tTF. El 1 , E12^^[E3^^^r. HiSPiJ 

[ 0 0 2 1 ] *r . -ftM^o^^^^^it (» 

c2. 3mm, Xtc5-f>rft.) 

y7Fv7^7'7>^?:fPllU/:(il (a)#SS). 
20 [0 0 2 2] 7>^*7 $^<DT)ldfl'jj7>tm%itfZ<Dti 

c>bm, aia^os^ttffl^ia 3 tc^-r. cct, ^ 

WO-ffd*S-ri. ffiliK^-'^y ^*'^Sfi*tbA r/N 

2 = 14/1 raw b /ceaf basRBt©JH»f*a 2 . 4 

OSfi^ST. 0%<tfcS. tbl50/ce6tCT^3>*'^ 
O^riaJK UteKcDiRFlSffl t)^T B 
30 [ 0 0 2 3] CCt, Tfrxl'tfZt&XtiXOtiT.ffi, 

2.4 5-2. 1. MUd : 8 5 5-1 127^>^ 
Fn-A, SM^T : 7 . 0- 1 4 . 4%£^!ZJS8!£ 
Lfcjt?*tt (&tBM4> : 1 8 0S. ®KT : 5 - 1 
5%) fcffifcf t£#"C*fc. C©C£» 1 ^tMftfiS 
MOIi^Og^^^WM^^ < £^2 0%«±^>n 
ii±E3t^^*?«/c-rc£^T#SC£«:^L/. TJU 

[0024] sic m*m& 1 ±t:gs2{basB^6& 

K^PiRU^^ bm3ZWtf&b (Ml (b)#ffi). 

5L/^ h^'5r->3,a*»atl/fc (Hi 1 (c)# 
SS) . 

50 [0 0 2 5 ] SC UyXr^'^->3aWJ5ctl/c 



C4) 



(.) - 4 8 8 0 



Ecu 



fitBv? r tttmtz (HI ( d ) #BS) B 
[0026; 

( 1 ) M®O^^Jir'l2t§S4> : 1 8 Og, iSM^ 

( 2 .) ±Eit^^*t4%«BfcTKHTO/B5T5 n « 2 . 1 
-2. oOiOWSeh. SI/1: 100Di 2 0 0^> 

( 3 ) ±&yt^mzffifzT*m*mo&m&fr<Dm® 

(4 ) h-7**ttffijg 
[0 1] (a) *mi®^-7 h->S(4tB^7 hv** 



10 



20 



#S£2 4 8 nm(:^:ta?gg < Biffin . mHf*£: 
1.11 aWSIfi 

2,12 msmm 

2 a. 1 2 a 

3 tt^Mlsi?* hM 

3 a \sV>7s h^'£-> 

4 hew 



[B2] 



(a) 



(b) 



Cc) 



(d) 



3- 



3- 



3- 




§S 1 

«* 

-HE 



0 : Ar/N2 
A : Ar 



0 L 



15 




2 3 



[03] 



Ar/N, 


n 


k 




*i8*T 
% 




1 5/0 


2.06 


1.582 


596 


0.5 




1 4/1 


2.45 


0.560 


655 


7.0 


21.2 


1 0/5 


2.15 


0. 365 


1.078 


11.8 


34.0 


5/1 0 


2.00 


0.314 


1.127 


14 4 


35.9 




,12. 



(19) 



^^ttJAPANESE PATENT OFFICE 



PATENT ABSTRACTS OF JAPAN 

(11) Publication number: 10048805 A 
(43) Date of publication of application: 20.02.98 

(51) Int. C! QQ3F 1/08 

H01L 21/027 



(21 ) Application number: 0&20Q316 


(71) Applicant: 


TOPPAN PRINTING CO LTD 


(22) Date of filing: 30X7.96 


{72) Inventor 


OKU BO KIN J! 






MATSUO TAD AS Hi 






HARAGUCHI TAKASHI 


(54) HALFTONE PHASE SHIFT MASK BLANK AND 


COPYRIGHT: (C)1S 


88,JP0 



HALFTONE PHASE SHIFT MASK 

(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain desired optical 
characteristics (such as phase difference and 
transmittance) with good reproducibility by 
incorporating a specified amt of nitrogen atoms into a 
silicon carbide nitride film. 

SOLUTION: A silicon carbide nitride film containing «20% 
nitrogen atoms in the film is produced on a transparent 
substrate 1 by reactive sputtering in a mixture gas of 
argon and nitrogen by using a target essentially 
comprising silicon carbide. Thus, a halftone phase shift 
mask blank is obtd. Then a resist is applied on the 
shift mask blank by a spin coaling machine to form an 
electron beam resist layer 3, on which a specified 
pattern is drawn by electron beams and developed to form 
a resist pattern 3a having an opening part A. Then the 
halftone phase shift blank with the resist pattern 3a 
formed is patterned by dry etching. Then at last the 
resist pattern 3a is peel-processed to obtain a halftone 
phase shift mask having a translucent pattern 2a of a 
silicon carbide nitride film. 
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